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(54) Abstract Title 

Dust separation in gas turbine guide vane cooling gas 

(57) A gas turbine plant has a compressor 1, turbine 3 and combustion chambers 2. First stage guide vanes 
15 receive pure cooling gas 30 from the compressor 1 through centrifugal separators 24,24' such as axial 
cyclones (24, fig 2) to prevent blockages or deposits. Separators 24 may be arranged circumferentially in a 
plenum 5, or separators 24' may be outside a casing 10, supplied from compressor tapping 26 and having an 
outlet of pure gas 20'. Two gas streams laden with suspended matter of low mass 31 and high mass (32 fig 2) 
may form in the separators, valves being provided to regulate throughput in the separator outlet ducts 
(20,21,22, fig 2). The low suspended mass stream 31 may be led to cooling air space 7 of combustor 2 used for 
cooling moving blades (28, fig 3) of turbine 3 or second stage guide vanes (13, fig 3), while the high suspended 
mass stream 32 may be directed into the combustion chamber via a duct (22, fig 3). Alternatively, a second 
combustion chamber (not illustrated) may be provided downstream of guide vanes 15 and a rotor. 
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TITLE OF THE INVENTION 

Method, device and use of the method for the cooling of 
guide vanes in a gas turbine plant. 

5 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The invention relates to a method for the 
10 cooling of guide vanes in a gas turbine plant which has 
a compressor, at least one combustion chamber and at 
least one turbine. The invention relates, furthermore, 
to a device for carrying out the method and to a use of 
the method. 

15 

Discussion of Background 

Ever-higher temperatures are employed in order 
to achieve an even-greater power output, and, under 
these circumstances, structural parts where there is a 
20 particular requirement for efficient cooling become 
more and more important, so that even a reduction in 
the cooling effect due to the clogging of part of the 
cooling ducts constitutes a serious risk to such a 
structural part. The importance of lowering the 
25 temperature in the turbine guide assembly, and here 
particularly at the guide vanes of the first stage, has 
been known for a long time. If the aim nowadays is to 
achieve a lowering of temperature of, for example, 
400°C in the case of this structural part, efficient 
30 cooling, as well as a long service life, must be 
guaranteed. 

When a gas turbine with steam cooling is 
started up, another cooling medium (for example air) is 
initially required, since there is still no steam 
available. When the steam circuit is then opened, the 
components to be cooled are already at operating 
temperature. The problem here is that the steam 
entrains suspended matter (rust, welding beads, 
condensation water droplets and other solids) deposited 



in the line network after a shutdown of the steam 
circuit and consequently may completely or partially 
clog the cooling ducts (film bores) which are at 
operating temperature. Moreover, entrained condensation 
water droplets may result in damage to structural parts 
to be cooled, since stress peaks may occur locally as a 
result of the thermal shock effect. Furthermore, 
entrained suspended matter may be deposited on the 
structural parts to be cooled, for example on bends of 
the ducts, and cause overheating there due to its 
insulating effect. It is apparent from the aforegoing 
that, if possible, only pure gas should flow in the 
compressor outlet space (combustion chamber plenum) . In 
order to achieve this, various measures have already 
been proposed, but these are very complicated. 

SUMMARY OF THE INVENTION 
Accordingly, one object of the invention is to 
provide a novel, improved method for this purpose. The 
method according to the invention is defined in that 
part of the crude gas flowing through the compressor is 
supplied to at least one dust separator, in which 
suspended matter is separated from the crude gas by 
centrifugal force, and in that the pure gas is then 
guided into the interior of the guide vanes of at least 
the first guide wheel. It is advantageous, at the same 
time, if the dust separator is designed as an axial 
cyclone . 

BRIEF DESCRIPTION OF THE DRAWINGS 
A more complete appreciation of the invention 
and many of the attendant advantages thereof will be 
readily obtained as the same becomes better understood 
by reference to the following detailed description when 
considered in connection with the accompanying 
drawings, wherein: 

Figure 1 shows a diagrammatic part longitudinal 
section through a gas turbine plant, 
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Figure 2 shows, in longitudinal section, a dust 
separator designed as an axial cyclone, and 

Figure 3 shows a detail of the gas turbine 
plant in Figure 1, with various ways of using the axial 
5 cyclone. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Referring now to the drawings, wherein like 
reference numerals designate identical or corresponding 
0 parts throughout the several views, the gas turbine 
plant according to Figure 1 has a compressor 1, a 
combustion chamber 2 and a turbine 3. The combustion 
chamber 2 is surrounded by combustion chamber cover 4 
which is located in a compressor outlet space designed 
5 as a combustion chamber plenum 5. Located within the 
combustion chamber cover 4 is a burner plenum 6 (burner 
inlet space) . The combustion chamber 2 is surrounded by 
a cooling-air space 7. The combustion chamber plenum 5, 
the burner plenum 6, the combustion chamber cover 4, 
the combustion chamber 2 and the cooling-air space 7 
are bodies of revolution about the gas turbine 
longitudinal axis 8. A multiplicity of individual 
burners 9 are arranged so as to be distributed over the 
circumference of the combustion chamber 2. A casing 10 
is also shown diagrammatically . The crude gas (air) 
flowing through the compressor 1 flows partly in the 
direction of the arrows 11 in the combustion chamber 
plenum 5 and partly in the direction of the arrows 12 
in the cooling-air space 7. 

The guide assembly of the turbine 3 has guide 
vanes 13 and 14. A guide vane 15 of the first stage is 
also shown, which is exposed to particularly high 
temperatures and in which the desired cooling must 
therefore take effect particularly reliably, in the 
guide vane 15, some film bores 16 are shown (Fig. 3), 
out of which the cooling medium (air) therefore flows 
from inside the guide vane 15 radially (with respect to 
the longitudinal extent of the guide vane 15) and acts 
as film cooling along the guide vane wall. The 
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aforesaid design of the gas turbine plant is already 
known . 

In the method according to the invention, it is 
now proposed to use at least one dust separator which 
5 is advantageously designed as an axial cyclone 24. Such 
an axial cyclone (centrifugal deduster without gas 
stream reversal) is known per se. See, in this respect, 
"Leuger" Lexikon der Technik, Band 6, Energietechnik 
und Kraftmaschinen [Lexicon of Technology, volume 6, 

10 Power Engineering and Power Engines], Stuttgart 1965, 
page 81. An exemplary embodiment of such an axial 
cyclone 24 is shown in Figure 2. It has a crude gas 
inlet 17, a swirl assembly 18 (guide vane ring), a 
central body 19 and at least two outlet ducts, three 

15 outlet ducts 20, 21 and 22 being present in the 
example. 

A turbulent flow (potential vortex, solid-state 
vortex or a combination of the two) is imparted by the 
guide vane ring 18 to the gas flowing in in the 

20 direction of the arrows 11. In this centrifugal field, 
suspended matter having a relatively high mass or 
relatively high specific gravity is carried outward. A 
flow field is generated, in which suspended matter is 
sorted according to mass over the radius. The suspended 

25 matter, separated according to mass, is led away via 
the outlet ducts 21 and 22. A vortex core is avoided by 
means of the central body 19, so as to avoid unclear 
flow conditions (very high velocities in the case of 
the potential vortex or very low velocities in the case 

30 of the solid-state vortex) . The diameter and length of 
the guide vane ring 18, central body 19, tube 23 and 
outlet ducts 20-22 are critical for the functioning of 
the axial cyclone 24. These dimensions determine the 
separation accuracy and the size of the separated 

35 suspended matter. A pure gas 30 is thus formed in the 
axial cyclone 24 and is led away via the central outlet 
duct 20. A gas stream 31 laden with suspended matter of 
lower mass is led away via the outlet duct 21 and a gas 
stream 32 laden with suspended matter of higher mass is 
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led away via the outlet duct 22. Valves or flaps, not 
illustrated, may be present in the three outlet ducts 
20, 21 and 22, so that the throughput quantities can be 
regulated. 

5 Since there is space available in the 

combustion chamber plenum 5 (Fig. 1), in one exemplary 
embodiment twenty to fifty such axial cyclones 24 could 
be arranged, distributed over the circumference, on a 
circular path, in each case one axial cyclone 24 
10 supplying pure gas 30 to one or more guide vanes 15. In 
another exemplary embodiment, as indicated in Figure 1, 
an axial cyclone 24' could also be located outside the 
casing 10. In such a case, the axial cyclone 24 could 
also be designed so as to be very much larger than the 
15 multiplicity of small axial cyclones 24. 

At all events, the outlet duct 20 of the axial 
cyclone 24, said outlet duct receiving the pure gas 30, 
leads, for cooling purposes, to the interior of a guide 
vane 15 in the way initially mentioned. If an axial 
20 cyclone 24' located outside the casing 10 is used, the 
pure gas is delivered via the line 25 shown by dashes 
and dots, the pure gas being supplied from a tapping 
point 26 on the compressor 1. An outlet duct 20' 
receiving the pure gas 30 leads, in turn, into the 
25 interior of the guide vane 15, whereas, for example, a 
gas stream 31 laden with suspended matter of lower mass 
is led via an outlet duct 21' for the purpose of 
cooling the guide vane 13. 

The advantages of using a larger number of 
30 small cyclone separators 24 are that, the degree of 
separation rises with a decreasing cyclone diameter and 
that complicated distribution lines can be avoided. 

The gas streams 32, 31 led away via the outlet 
ducts 22 and 21 and laden to a greater or lesser extent 
35 with suspended matter can be used in various ways. In 
the example according to Figure 1, the outlet duct 21 
leads into the cooling-air space 7. Figure 3 shows 
three other examples of the use of the gas streams 31, 
32 laden with suspended matter. Thus, for example, a 



- 6 - 

gas stream 32 laden with suspended matter of higher 
mass may be guided directly into the combustion chamber 
2 via the outlet duct 22. In another example, a gas 
stream 31 laden with suspended matter of lower mass is 
5 used, via the outlet duct 21 between the guide vanes 15 
and a heat shield 27, for cooling the moving blades 28 
of the first rotor of the turbine 3. In the third 
example, the gas stream 31 laden with suspended matter 
of lower mass is led, via the outlet duct 21 and via a 

10 further outlet duct 29, to the guide vanes 13 of the 
second stage, in order, here, to achieve vane cooling 
insensitive to dust. 

In the example according to Figures 1 and 3, 
the first guide wheel having the guide vanes 15 is 

15 followed by the first rotor of the turbine 3 having the 
moving blades 28. In another example which is not 
illustrated, the combustion chamber 2 could be followed 
by a second combustion chamber, so that, in such an 
example, the turbine therefore consists only of the 

20 first guide wheel having the guide vanes 15 and of a 
downstream rotor which is followed by the second 
combustion chamber. 

The method according to the invention can be 
used, for example, in stationary gas turbine plants, in 

25 which the film bores in the guide vanes of the first 
guide wheel have a diameter of about 0.8 mm. The method 
according to the invention may, however, also be used 
in a gas turbine plant in an aircraft, in which the 
film bores in the guide vanes of the first guide wheel 

30 then have a diameter of about 0.3 mm to 0.5 mm. 

The axial cyclone has only a few structural 
parts of simple design. It possesses no moving 
structural parts and can have small dimensions. It can 
therefore also be exposed to high temperatures and be 

35 placed in large numbers in the combustion chamber 
plenum 5, very near to the guide vane heads. Short flow 
paths of the pure gas 30 are thereby achieved. 

Obviously, numerous modifications and 
variations of the present invention are possible in 
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light of the above teachings. It is therefore to be 
understood that, within the scope of the appended 
claims, the invention may be practiced otherwise than 
as specifically described herein. 



CLAIMS: 



1. A method for the cooling of guide vanes in 
a gas turbine plant which has a compressor , at 
least one combustion chamber and at least one 
turbine , wherein part of a crude gas flowing 
through the compressor is supplied to at least one 
dust separator , in which suspended matter is 
separated from the crude gas by centrifugal force, so 
that a pure gas is formed, and this pure gas 

is subsequently guided into the interior of the guide 
vanes of at least one first guide wheel. 

2. The method as claimed in claim 1, wherein an 
axial cyclone is used as dust separator 

3. The method as claimed in claim 1 or 2, wherein 
the turbine comprises a guide wheel having guide vanes 
(15) and a rotor having moving blades , which are 
both located between a first combustion chamber and 
a second combustion chamber downstream of the latter. 

4. The method as claimed in one of claims 1 to 3, 
wherein a gas separated in the dust separator 

and laden with suspended matter is guided 
into a cooling-air space surrounding the combustion 

chamber 

5. The method as claimed in one of claims 1 to 4, 
wherein a gas separated in the dust separator 

and laden with suspended matter is guided 
directly into the combustion chamber 

6. The method as claimed in one of claims 1 to 5 f 
wherein a gas separated in the dust separator 

and laden with suspended matter is guided in 
an outlet duct between the guide vanes 

of the first guide wheel and a heat shield and is 

delivered from outside to the moving blades of the 

first rotor. 

7. The method as claimed in one of claims 1 to 6, 
wherein a gas separated in the dust separator 

and laden with suspended matter is guided , 



for cooling purposes, into the interior of guide vanes 
of a further guide wheel downstream of the guide 
vanes of the first guide wheel. 

8. A device for carrying out the method as claimed 
in one of claims 1 to 7, wherein a multiplicity of 
individual dust separators is arranged so as to be 
distributed over the circumference of a circular path 
in a compressor outlet space . . 

9. A device for carrying out the method as claimed 
in one of claims 1 to 7, wherein the at least one dust 
separator is arranged outside a compressor outlet 
space . . 

10. A use of the method as claimed in one of 
claims 1 to 7, in a stationary gas turbine plant, with 
film bores of a diameter of about 0.8 mm in the 
guide vanes of the first guide wheel. 

11. A use of the method as claimed in one of 
claims 1 to 7 in a gas turbine plant in an aircraft, 
with film bores of a diameter of about 0.3 mm to 
0.5 mm in the guide vanes of the first guide 
wheel . 



Office 

^SlAJL^ INVESTOR EN PEOPLE 

Application No: GB 9917114.2 Examiner: Terence Newhouse 

Claims searched: 1-11 Date of search: 27 January 2000 

Patents Act 1977 

Search Report under Section 17 

Databases searched: 

UK Patent Office collections, including GB, EP, WO & US patent specifications, in: 
UKCl(Ed.R): F1VCVCAA); F1G(GCC,GFA,GKX) 

Int CI (Ed.7): F01D 9/00 9/06 25/00 25/08 25/12 25/32; F02C 7/00 7/12 7/16 7/18 
Other: ONLINE: EPODOC, JAPIO, WPI 



Documents considered to be relevant: 



Category 


Identity of document and relevant passage 


Relevant 
to claims 


& 


US 5983623 


(MITSUBISHI HEAVY IND. LTD.), see also 
WPI Abstract Accession No. 1998-096224 [09] 
(English language equivalent of JP 090324605) 




A,P 


JP 011093689 A 


(MITSUBISHI HEAVY IND. LTD.), see also 
WPI Abstract Accession No. 1999-284627 [24] and 
fig 1 noting cooling air for stator vanes 21 from 
compressor 6-1 fed through filter 10 




X,& 


JP 090324605 A 


(MITSUBISHI HEAVY IND. LTD.), see also 
WPI Abstract Accession No. 1998-096224 [09] and 
fig 1 noting cyclone separator 30 in cooling flow to 
guide vane 21 (later published US 5983623 is an 
English language equivalent) 


1,2 at least 


X 


JP 050179993 A 


(HITACHI LTD.), see also JAPIO Abstract and 
figs 1 & 5 noting cooling air for stator vanes from 
compressor 1 fed through centrifugal separator 7 


1 at least 



X Document indicating lack of novelty or inventive step A Document indicating technological background and/or state of the an 
Y Document indicating lack of inventive step if combined P Document published on or after the declared priority date but be fore the 
with one or more other documents of same category. filing date of this invention. 

E Patent document published on or after, but with priorirv date earlier 
& Member of the same patent family than, the filing date of this application. 



An Executive Agency of the Department of Trade and Industrv 



